Infective endocarditis is a life-threatening disease and identification of the pathogenic organisms is crucial for better prognosis. However, in some conditions, such as previous antibiotic usage or infection with fastidious organisms, obtaining positive cultures results is difficult.
conditions (Goldenberger et al., 1997) . It has been suggested that these molecular results should be included as a new Duke criterion (Millar et al., 2001) . In this review, we discuss the utility of polymerase chain reaction (PCR)-based identification of organisms, particularly broad-range 16S rRNA gene PCR/sequencing, in the management of IE cases.
Pathogenic organisms of IE
IE is caused by bacteremia, through several avenues of suspected bacterial entrance, such as the oral cavity, intestines, and skin.
Once the bacteria invade the blood stream, they colonize the heart valves and proliferate there. of cases (Mylonakis et al., 2001 , Fukuchi et al., 2014 , Takayama et al., 2010 . These bacteria can be reliably isolated using conventional automated blood culture systems (Benett et al.) . However, 5-20% of all cases have negative blood culture results (Mylonakis et al., 2001 , Fukuchi et al., 2014 , Takayama et al., 2010 , 9-12 Werner et al., 2003 , Nakatani et al., 2013 , Hoen et al., 2002 , Tornos et al., 2005 , and in half of these cases, this is due to infection with fastidious pathogens, such as intracellular, slow-growing, and nutritionally deficient bacteria (Brouqui et al., 2006) . Identification of these fastidious bacteria requires techniques other than conventional culture methods.
Coxiella burnetii and

Broad-range 16S rRNA gene PCR and direct sequencing
The sequence of the small-subunit rRNA gene varies across phylogenetic lines, and contains segments that are conserved at the species, genus, and kingdom levels. A molecular approach has been developed over several decades involving the use of broad-range DNA probes to detect and amplify bacterial DNA, enabling sequencing of the genes encoding 16S
rRNA (Edwards et al., 1989 , Chen et al., 1989 . Wilson et al., 1990 . (Jalava et al., 1995) . In Medical Research Archives. Volume 5, issue 6. June 2017.
Molecular identification of pathogens from excised heart valves of infective endocarditis cases
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this case, the blood, resected valve, and vegetation were all culture-negative.
However, PCR amplification of the vegetation yielded a nucleotide sequence identical to B. quintana (Jalava et al., 1995 (Wilson et al., 1991 , Relman et al., 1992 .
Later, Raoult et al. succeeded in isolating the organism from the mitral valve of a patient with endocarditis using a human fibroblast cell line (Raoult et al., 2000) .
Nevertheless, T. whipplei is difficult to cultivate using conventional bacterial culture techniques, and diagnosis of Whipple's endocarditis requires molecular analysis. C. burnetii is a strict intracellular pathogen, which requires a cell culture system for isolation (Mühlemann et al., 1995) . PCR is a useful tool to detect C.
burnetii from blood or infected heart valve with either broad-range 16S rRNA primers (Houpikian et al., 2005) or species-specific primers (Harris et al., 2014 
Evaluation of broad-range 16S rRNA gene PCR and sequencing for management of IE
Among IE cases, 25-50% of the patients undergo valve surgery (Tornos et al., 2005) .
There have been several reports evaluating the routine molecular diagnosis of IE using resected valves (Goldenberger et al., 1997 , Harris et al., 2014 , Miyazato et al., 2012 , Gauduchon et al., 2003 , Voldstedlund et al., 2008 , Rovery et al., 2005 , Marin et al., 2007 . In these reports, 16S rRNA gene diagnostic criteria (Miller et al., 2016) .
Heart valve culture had a less optimal range of pathogen recovery (11.2-32.3%) compared to either blood culture or broad-range 16S rRNA gene PCR/sequencing on heart valve tissue (Miller et al., 2016) . Overall, these reports (Li et al., 2000) . However, heart valve culture has a much lower pathogen recovery rate (11.2-32.3%) compared to broad-range 16S rRNA gene PCR on heart valve tissue (41.2-100%) (Miller et al., 2016 LightCycler® SeptiFast, has been tested for diagnosis of IE (Cambau et al., 2017 . Leli et al., 2014 , Menacacci et al., 2012 
